In the present study it was shown that the oligosaccharide component is bound to the glycopeptide via an 0-glycosidic linkage. After removal of the oligosaccharide moiety from the glycopeptide purified from C F patients, its mucociliary activity toward rabbit tracheal explants was lost. It was also found that the ciliary dyskinetic activity of the CF glycopeptide could be inhibited by the glycopeptide purified from controls ("normal counterpart"), as well as by mannose, glucose, and N-acetylgalactosamine. The biologic activity of the C F glycopeptide was not blocked by xylose, fucose, galactose, or N-acetyl-glucosamine.
MATERIALS AND METHODS

Materials. [3H]Sodium borohydride was purchased from New
England Nuclear Company (Rochester, NY). Bio-Gel P-2, 100-200 mesh, was obtained from BioRad Laboratories (Richmond, CA). Glucose, galactose, xylose, fucose, N-acetyl-D-glucosamine, N-acetyl-D-galactosamine, raffinose, lactose, and sodium borohydride were purchased from Sigma Chemical Company (St. Louis, MO). All other reagents were either reagent grade or the best grade available.
Purification of the glycopeptides. The purified glycopeptide preparations from controls and CF patients were obtained as previously described (3) . All purified preparations were examined in a double-blind manner for ciliary dyskinetic activity on rabbit tracheal explants (3). The glycopeptide preparations from CF patients revealed marked ciliary dyskinetic activity, whereas the preparations from controls showed no biologic activity on the explants.
Mild alkaline borohydride treatment of the purified glycopeptides. This procedure was performed in a similar fashion as described by Spiro (1 5) as follows: the glycopeptide (100-200 pg) was dissolved in 200 p1 of 0.05 N sodium hydroxide and 50 p1 of tritiated sodium borohydride (3 mg/ml, 6 mCi/mg in 0.05 N sodium hydroxide) was added. The sample was incubated for 2 h at 50°C and then 100 pl of 1.0 M "cold" sodium borohydride in 0.05 N sodium hydroxide was added and incubated for another 10 min. Excess borohydride was removed by adding 100 p1 of 1.0 M acetic acid, and the sample was then applied for Bio-Gel P-2 column chromatography (1 x 168 cm), preequilibrated, and eluted with 0.0 1 M ammonium bicarbonate pH 7.8 at 4°C with a constant flow rate of 4 ml/h.
Inhibition of the CF glycopeptide ciliary dyskinetic activity.
After examining the rabbit tracheal explants for viability, excess media was removed and 25 p1 of phosphate buffered saline (0.14 M sodium chloride in 0.01 M phosphate buffer, pH 7.0; PBS) was added. After 2 min, 25 pl of the glycopeptide (purified from C F patients) in a concentration of 50 pg/ml was added. The ciliary movement of the explants was examined for 30 min using a Reichert phase microscope and the extent of the dyskinesia observed was arbitrarily defined as 4+. Because of the subjective nature of the assay procedure the tests of the competition experiments were done in a double-blind fashion as follows: equal volumes of the different sugars and the glycopeptide purified from controls, in concentrations of either 400 or 800 pg/ml, were placed in identical test tubes and coded with random numbers. The ciliary dyskinetic activity was determined as described above, only 25 pl of the coded samples were applied instead of PBS, and after 2 min the same concentration of the C F glycopeptide was added (50 pg/ml). The explants were examined for 30 min, the extent of dyskinesia monitored, and the results then decoded. The various sugar preparations as well as the control glycopeptide were first tested for ciliary dyskinetic activity and were found not to alter the rhythmic beat of the cilia for at least 45 min.
Amino acid analysis. Acid hydrolysis was performed on the glycopeptides purified from CF patients and controls, as well as the peptide portions after p-elimination. The samples (approximately 100 pg each) were lyophilized, dissolved in 1 ml of 6 N HCl and hydrolyzed for 22 h at 110°C under vacuum. The hydrolyzed samples were then lyophilized and applied for amino acid analysis on a Beckman System 6300 High Performance Amino Acid Analyzer, according to the manufacturer's instruction.
RESULTS
Characterization of the glycopeptide after p-elimination.
The glycopeptide preparations purified from C F patients and from controls (three preparations each) were subjected to mild alkaline borohydride treatment and then applied for Bio-Gel P-2 column chromatography. A similar chromatography pattern was observed for the preparations from both controls and C F patients. An example of the chromatography pattern is shown in Figure  1 . Two tritiated peaks were eluted on the P-2 column: one with an elution volume between that of the trisugar raffinose and the disugar lactose markers and a second with an elution volume similar to that of xylose, a pentose. The peak eluted with the void volume ( Fig. l) , the peptide component, was lyophilized. When this peptide component was hydrolyzed and its amino acid composition examined, the 0-glycosidic nature of the oligosaccharide linkage was further documented by a relative decrease in the number of serine residues per mole. The characterization of the oligosaccharide component obtained as well as the amino acid composition of the glycopeptide and its isolated peptide component will be described in a separate communication.
The peptide components from the glycopeptide purified from C F patients and that purified from controls were compared in a double-blind fashion to the intact glycopeptides as to their ciliary dyskinetic activity on rabbit tracheal explants. It was found that these peptide portions did not reveal any ciliary dyskinetic activity, suggesting that the biologic activity of the CF glycopeptide toward rabbit tracheal explants is associated with the oligosaccharide component of the intact glycopeptide.
Inhibition of the CF glycopeptide ciliary dyskinetic activity.
The glycopeptide purified from controls and various monosugars were examined in a double-blind fashion (see "Materials and Methods") as to their ability to block the mucociliary activity of the C F glycopeptide on rabbit tracheal explants. The results are shown in Table 1 . As shown in this Table, tide, mannose, and glucose inhibited completely the mucociliary activity in a final concentration of 400 pg and very significantly inhibited the activity in a concentration of 200 pg. N-Acetylgalactosamine inhibited the mucociliary activity significantly in both concentrations of 400 and 200 pg. Xylose, fucose, galactose, and N-acetyl-glucosamine in these concentrations did not have any effect on the mucoculiary activity of the CF glycopeptide. The effect of various concentrations of the glycopeptide purified from controls and of the monosaccharides that inhibited the mucociliary activity of the CF glycopeptides is shown in Table  2 . As seen in this Table, a significant inhibitory effect was observed in concentrations as low as 100 pg/ml for the various sugars and, for the control glycopeptide, even in a concentration identical to that of the CF glycopeptide.
DISCUSSION
In the present study, the glycopeptides from CF patients and from controls were subjected to mild alkaline borohydride treatment. When glycopeptides containing carbohydrate units linked by an 0-glycosidic bond to an a-amino-0-hydroxy acid (serine or threonine) are treated under mild alkaline conditions, the bond is split through the process of p-elimination with the release of a reducing oligosaccharide. When done in the presence of tritiated borohydride, the sugar alcohols thus formed will be radioactively labeled (15) . One small oligosaccharide (two or three sugars) was obtained under these conditions from both the control and C F glycopeptides. The 0-glycosidic nature of the oligosaccharide bond was further documented by the decrease in the serine content after the mild alkaline borohydride treatment. Further characterization of the structure of the oligosaccharide moiety will be presented in a separate communication.
After removal of the oligosaccharide moiety by p-elimination, it was found that the peptide portion of the CF glycopeptide did not reveal any mucociliary activity in contrast to the intact glycopeptide. This finding further suggests that the difference between the two glycopeptides resides in their oligosaccharide moieties. To establish that the loss of the mucociliary activity of the CF glycopeptide after p-elimination was secondary to the removal of the oligosaccharide moiety and not due to structural changes that might have occurred in the peptide component by the mild alkaline borohydride treatment, the effect of soluble is patients (25 /*g/ml) was arbitrarily defined as ++++.
:; Glc, glucose; GalNAc, N-acetyl-galactosamine; and GlcNAc, N-acetylsugars on the biologic activity of the intact glycopeptide was studied. As shown in Table 1 , mannose, glucose, and N-acetylgalactosamine inhibited the ciliary dyskinetic activity, whereas galactose, xylose, fucose, and N-acetyl-glucosamine did not. The interesting observation that the glycopeptide from controls also revealed a similar inhibitory effect on the mucociliary activity of the CF glycopeptide can be attributed to the presence of some of the same sugars in both of the glycopeptides.
Although the existence of a serum factor with mucociliary activity on rabbit tracheal explants was first described over 15 yr ago (16) and the similar phenomenon using other ciliated organisms has since been described (2, 6, lo), the molecular mechanism for this biologic activity has not been revealed. From our observations, it seems most likely that the effect of the CF glycopeptide that we have previously described (3,4) on the cilia from rabbit tracheal explants is because it binds to a receptor that has a sugar specificity. The phenomenon of glycoprotein and glycopeptide binding to receptors of various membranes according to the specificity of their oligosaccharide moiety to the receptor has been established and recently reviewed (13, 14) . In these studies the inhibition of glycoprotein binding to the receptors was achieved using soluble sugars or their chemical derivatives in a similar manner as in the present study. The observation presented here that the serum glycopeptide purified from controls ("normal counterpart") inhibited the mucociliary activity of the CF glycopeptide suggests that both of them compete for either the same binding site or ones in close proximity. This finding further supports the hypothesis that the underlying defect in cystic fibrosis could be an abnormality in the synthesis or degradation of glycoproteins and glycopeptides. 
Summary
We describe an assay for acetyl-CoA: a-glucosaminide Nacetyltransferase using purified ['4C]glucosamine as substrate, and leukocytes as enzyme source. The assay is suitable for the diagnosis of homozygous and heterozygous carriers of Sanfilippo syndrome type C.
Sanfilippo syndrome comprises a group of genetic diseases that result from a deficiency of specific lysosomal enzymes involved in the degradation of heparan sulfate. They have been designated Sanfilippo A, B, C, and D corresponding to deficiencies of: sulfamidase (8): a-N-acetylglucosaminidase (3, 1 l), acetyl-CoA: a-glucosaminide N-acetyltransferase (7) , and N-acetylglucosamine 6-sulfate sulfatase (9), respectively.
Type C syndrome has been diagnosed by using a complex trisaccharide substrate (5) or tetrasaccharide and disaccharide substrates (4) prepared from heparin. Glucosamine, a monosaccharide that is commerically available, was shown to be a suitable substrate for the diagnosis of this syndrome in fibroblasts (4) . In this report we describe the use of purified ['4C]glucosamine as substrate, and leukocytes as enzyme source for the diagnosis of homozygous and heterozygous individuals. with 50 ml distilled water to eliminate a neutral radioactive contaminant(s) that accounted for 6% of total radioactivity. [I4C] Glucosamine was eluted with 15 ml of 0.3 M HCI and then subjected to three to four cycles of evaporation to eliminate HCI. The dried residue was stored overnight in a desiccator over NaOH, then collected with about 10 ml distilled water, and lyophilized. As an alternative procedure to remove excess hydrochloride, the ['4C]glucosamine was treated with approximately 0.4 ml of anion exchange resin (Ag 1-X8 OH-) per ml of solution. After shaking, the resin was centrifuged and washed 5 times with 2 ml cold water. The combined washings were then lyophilized. After lyophilization the labeled glucosamine was dissolved in 2.5 ml of 5% aqueous ethanol and stored in aliquots at -20°C. The solution contained 36 x lo6 cpm/ml, 0.105 pmol/ml.
Preparation of leukocyte homogenates. Leukocytes were prepared according to Fallon et a/. (2) . Ten milliliters of venous blood was mixed with 10 ml of a sedimentation fluid which contained 1.5 ml of ACD solution (2.45 g glucose, 2.2 g sodium citrate dihydrate, 0.73 g citric acid, and 0.9 g sodium chloride in 100 ml water), 5 ml of a 6% dextran grade A solution (British Drug Houses), and 3.5 ml of a 5% glucose solution. Erythrocytes were allowed to sediment at room temperature for 45 min. The supernatant was centrifuged for 10 min at 800 g. Leukocyte pellet was suspended in 2 ml of 0.9% NaCl to which 8 ml of 0.83% NH4C1 were added. The mixture was left 5 min at room temperature. After centrifugation at 400 g for 5 min the supernatant was discarded and the hemolysis cycle was repeated. The pellet was washed with 10 ml of 0.9% NaCl and stored at -20°C. To prepare the homogenate, the leukocyte pellet was resuspended in 200 p1 of 0.9% NaCl plus 20 p1 of 1% Triton-X-100 and subjected to seven cycles of freezing and thawing before dialyzing
